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SUMMARY 



sented^rinJinij^'^r "! carr ^°™r 'actor are t>re- 
uni'oSn? r1 f f ^ l0nfi flat P lates subjected to a 

stability of 8trur?vJn ' J ol T ln * Problems in the 

predion' UCtUrSS °°»Poaed of plates under co a - 



INTRODUCTION 

tui-es s'iprs^^ +' * r stability of bar struc- 

problems" n e8 th: itbU™ ! T*"^ *° Wly t0 
tures raa de u P of tM ?L ' ^ structures. As struc- 

method of moment SUJitet?; U %\ 4 ia pefwwM 2 i» the 
las and relations a ISJuJlS iitJ'tJ?* lr \f"*P of ^rnu- 
tained intact for d i ect 1, i T * hi f B6thod te ? e~ 

(See refere.ee ) application to plate structures. 
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In order to apply the method of moment distribution 
to problems in the stability of plate structures, it i. 
necessary to know the stiffness and the carry-over factor 
of a t, late under compression, for various conditions of 
01 a jyj.au> ""v-* 1 ^ * ■■ . _ . , f these quantities 
edge support and restraint. Tables 01 * 
have been prepared andare presented m this report. 



SYMBOLS 



E modulus of elasticity 



nondimensional coefficient that takes into account 
reduction of modulus of elasticity for stresses 
above the elastic range. Within the elastic 
range,' n "«? 1; above the elastic range, tj < 1 
(see reference 5), 



Poiss on' s rat io 
b width of plate 
t thickness of plate 
D flexural stiffness of plate 
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12(1 - M. S ) 

D effective flexural stiffness for stresses above . 

r m* 8 l 

elastic range ~~ 

L.12{1 - n ) J 

a longitudinal compressive stress in plate 
. rr D 

\ half wave length of buckle a in longitudinal direction 
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m 



= (SL 



V 



\2J 



n = 



ft 
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The symbols used to designate the- stiffness and 
csrry^rer factor for the different types of support and 
restraint at the far edge are given in the following 
table: 



Stiffness 



S 



■II 



■ III 



-IV 



Carry-over 
. factor 



C 11 



0 



I III = 



.IV _ 



= -1 



Conditions at far edge 



Par edge supported and fixed against 
r otat ion 

Jar edge supported and. elastically 
restrained against rotation 

Par -edge supported .with no restraint 
against rotation 

Par edge free (no support and no 
restraint against rotation) 

Par edge supported and subjected to 
sinusoidally distributed moment 
equal and opposite to moment applied 
at near edge 



II 
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The quantities S\ C\ S ** , and C" of this paper 
correspond to the quantities S», C« S" «, ,aadc OUi ' re- 
spectively, in reference 2. ■. * 



DBF 1ST IT I Off S 



Stiffne ss and carry-over faet.nr- The solution of 
the differential equation for the critical compressive 
stress of an infinitely long plate with given edge re- 
straints reveals that, when the plate buckles, the mo- 
menta and the rotations at both edges of the plate vary 
sinusoidally along the edges and are in phasewith each 
other. The ratio of moment per unit length at anv point 
along the edge to the rotation at that point is there- 
fore constant along the edge for a given wave length. 
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From those considerations, it is possible to write the 
following definitions of stiffness and carry-over factor. 

Stiffness: If an infinitely long flat plate is 
under longitudinal compression, with one unloaded edge 
on an unyielding support, the ratio of moment + p.er unit 
length at any point along this unloaaed edge to the ro- 
tation in quarter-radians at ' that point when the moment 
is distributed sinusoidally is called the stixfness of 
the plate. 

Carry-over factor: The ratio of the moment per unit 
length developed at any point along the far unloaded edge 
to the am>lied moment per unit length at the correspond- 
ing position along the near unloaded edge is called the 
oarry-sbVor factor of the plate. 

The foregoing definitions make it possible to use 
for plates stiffnesses and . carry-over factors exactly 
analogous to those used for bars (references 2 to 4). 
The particular definitions of stiffness and carry-over 
factor depend upon the conditions of support ^and the 
amount of restraint against rotation at the far edge. 

Tables I and II do not give directly the values of 
stiffness, but of stiffness divided by a factor D/b, 
to be defined presently. The actual stiffnesses are 
therefore obtained by multiplying the values in the 
tables by D/b. The value of C is read directly from 
the tables . , ' 

Si^n convention..- A clockwise moment acting on the 

ta — — , 

edge of a plate is positive. A positive moment acting 
at a point along the edge of a plate produces positive 
rotation of the plate at that point. 



TABLES 

Formulas Used in Calculation 

The quantities S /(D /b ) , S 1 1 j{V /\> ) , S 111 /^/*), 

S IV /(^/b), and C are tabulated, in table I against k - 
for various values of the parameter \/b, the' ratio of 
the half wave length of the buckles to 'the width of the 
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plate. The quantity S 1 1 1 j{ 3D /b ) is given only for 
values of X /Td greater than unity and for values of k 
that cover the range expected to "be needed in the sclu— 

g tion of practical problems. The quantity S I]:I /(I5/h) 

to for values of \/b other than those in table I is given 

^ in table II. The otiffncss ~J a/id carry-over factor C~ 

that apply when the far edge of the plate is elastically 
restrained are dependent on the restraint of the far edge 
and can he computed by the formulas given in reference 4. 
The formulas used in the calculation of the tables are 



a 



tanh — + -|- tan 



c = Vi J 2 2 £ 7 \ g _£' £ £7 ( ^ j 

£ tanh ^ + | tan |- 
2 2 2 



DT/-b 




(2) 



s 1 * 



D /b 



D/b 1 - C 2 

£7b 1 + cr 



(3) 



(4) 



LP. 



<a|cvi 



1 

+ 
03 

rt 

dI(\J 
I 

dloj 

i 

ca| o.i 

4^> 
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H 




1-4 

1-4 



CO 



Accuracy 



, uu » ^nira, and fourth columns, in t^hio t ■ mv, 

e b o he tt^ ^ 00 »P tt *»"°« and the differ- 
checi: iaLlo r h a C ;i^ 8 V !S e ^^J; An independent 

taMes nr. veil ffl V! , values throughout the 

*7 irregular ^ifLJencIa lfi'S;" W6Pe Rested 

tions were m»de ?J! ^ i * any necess ary ccrrec- 

were compu^d 'p ^JS™ ^ **? W " ath 

studied and co^re this column were then 

corrected where errors were noted by irrogu- 

of these values ^^^^ « ■ 

laael ;; t iJ;°? 1 fi Aeron ^ tic *l laboratory, 

National Advisory Committee for Aeronautics 
Langley Field, Va. US ' 
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-2.88050 
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-Ioo4o?64o 
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-.367680 
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-.891647 
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-1.32626 
-1.62456 
-2.00748 
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-3.23123 
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O.197660 
.162848 

!olS256 
.0408836 
-.00694516 

-.0592177 

-.116603 

-.179911 

-.250133 
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-.761113 
-.91405* 
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-I.3116O 
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-1.90850 
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-.0519895 
-.0966194 
-.144848 

-.1971*1 
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^384434* 
..459644 

-.542997 
..635920 

..740167 
-.857991 
-.992254 
-1.14669 
-I.32626 



0.130458 
.105025 
.0782332 
.0499670 
.0200967 
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..0450537 
..0806814 
-.118614 
- .159088 
-.202375 

-.248785 
-.298676 

-352464 

-.410633 
-.473750 

..542484 
■.617637 
-.700159 
..791206 
..8921 88 
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TABLE II.- VALUES OP Concluded 




0 

.1 
.2 
.3 
.4 
.5 

.6 
.7 
.8 
.9 
1.0 

1.1 
1.2 
1.3 
1.4 
1.5 

1.6 
1.7 
1.8 
1.9 

2.0 
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0.0921666 
.0731585 
.0534150 
.0328910 
.0115378 

-.0106976 

-.0338725 

-.0580497 

-.0832973 

-.109690 

-.137310 

-.166246 
-.196598 
-.228474 
-.261994 
-.297292 

-.334516 
-.373831 
-.415421 
-.459493 
-.506279 
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0.0527543 
.0412402 
.0294648 
.0174189 
.00509280 

-.00752375 

-.0204414 
-.0336714 
-.0472256 
-.0611162 
-.0753564 

-.0899599 

-.104941 

-.120315 

-.136098 

-.152307 

-.168960 
-.186075 
-.203673 
-.221775 
-.240404 



10 



0.0340397 
.0264110 
.0186669 
.0108122 
.00283687 

-.00525943 

-.0134795 
-.0218264 
-.0303031 
-.0389127 
-.0476585 

-.0565437 
-.0655720 
-.0747468 
-.0840718 
-.0935509 

-.103188 
-.112987 
- . 122953 
-.133089 
- . 143400 
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0.0152524 
.0117431 
.00821033 
.00465378 
.00107323 

-.00253159 



-.00616093 -.00349841 



-.00981505 
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0.00860406 
.00660609 
.00460053 
.00258735 
.000566493 
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-.0171987 
-.0209287 



-.00965444 
-.0117223 
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0.00551392 

.1 .00422803 

.2 .00293900 

.3 .00164683 

.4 .000351509 

.5 -.000946985 

.6 -.00224866 

.7 -.00355352 

.8 -.00486159 

.9 -.00617288 

1.0 -.00748739 
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0.00383188 
.00293617 
.00203895 
.00114020 
.000239931 

-.000661869 

-.00156520 
-.00247008 
-.00337649 
-.00428445 
-.00519396 
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0.00215698 
.00165162 
.00114577 
.000639439 
.000132625 

-.000374672 

-.000882457 

-.00139073 

-.00189948 

-.00240873 

-.00291846 
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0.00138093 
.00105704 
.000732954 
.000408670 
.0000841882 

-.000240492 

-.000565372 

-.000890451 

-.00121573 

-.00154121 

-.00186688 
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